Using a polyphasic taxonomic approach, we investigated three bacterial strains -IWT30 T , IWT8 and IWT75 -isolated from total mixed ration silage prepared in Hachimantai, Iwate, Japan. The isolates comprised Gram-stain positive, non-motile, non-spore-forming, catalasenegative, rod-shaped bacteria. Good growth occurred at 15-45 8C and at pH 4.0-7.5. Their major cellular fatty acids were C 18:1 v9c and C 19:1 cyclo 9,10.The G+C content of genomic DNA of strain IWT30
showed that these novel strains belonged to the genus Lactobacillus. These strains shared 100 % 16S rRNA gene sequence similarity and were most closely related to the type strains of Lactobacillus silagei, Lactobacillus odoratitofui, Lactobacillus similis, Lactobacillus collinoides, Lactobacillus paracollinoides and Lactobacillus kimchicus, with sequence similarity values of 99.5, 98.8, 98.7, 97.8, 97.8 and 96 .8 %, respectively. The level of DNA-DNA relatedness between these strains and their closest phylogenetic neighbours was less than 30 %. On the basis of additional phylogenetic analysis of pheS and rpoA gene sequences and phenotypic and chemotaxonomic characteristics, we conclude that these three strains represent a novel species of the genus Lactobacillus, for which we propose the name Lactobacillus mixtipabuli sp. nov. The type strain is IWT30 T (5JCM 19805 T 5DSM 28580 T ).
Lactic acid bacteria are the predominant micro-organisms during the fermentation process in well-preserved silage (McDonald et al., 1991) . Various strains belonging to the species of the genera Lactobacillus, Lactococcus, Leuconostoc, Pediococcus, Enterococcus, Weissella and Carnobacterium are present in grass silage and have growth potential in various environments suited to the fermentation process (Tohno et al., 2012a, b) . During screening for useful strains, taking particular interest in the development of microbial inoculants, three unclassified bacterial strains were isolated from fermented total mixed ration (TMR) silage, which is a well-balanced feed mixture containing levels of nutrients adequate for cows (Eastridge, 2006; Miyaji et al., 2013 Miyaji et al., , 2014 , prepared in Hachimantai, Iwate, Japan. TMR silage for the daily feed for cows was formulated with grass silage, corn silage, soybean curd residue, hay, compound feed (Iwate-Sanroku brand; Zennoh Feed Mills of the Tohoku District, Miyagi, Japan) and mixed feed (IwateSanroku Mix; Rakuno Aomori Agricultural Cooperative Association, Aomori, Japan) at a ratio of 24.3: 18.9: 5.0: 8.4: 36.9: 6.5 on a dry matter basis. TMR silage was fermented outdoors in plastic bags (approx. 630 kg) for 7 days. Strains IWT30
T , IWT8 and IWT75 were isolated using the dilution plating method (up to 10 25 ) on de Man, Rogosa and Sharpe (MRS; Difco) agar plates incubated for 2 days at 30 8C in an ANX-1 TE-HER Hard Anaerobox (Hirosawa) with an O 2 -free atmosphere of N 2 /H 2 /CO 2 (80: 10: 10 %). Here we report on the phenotypic and genotypic characterization of the three isolates as representatives of a novel species of the genus Lactobacillus.
The taxonomic position of strains IWT30
T , IWT8 and IWT75 was analysed by 16S rRNA gene sequencing according to previous reports (Tohno et al., 2013c (Tohno et al., , 2014 . Briefly, genomic DNA was prepared from cells harvested from MRS broth using Qiagen Genomic-tips. Amplification was performed using two universal primers: 27F (59-AGA-GTTTGATCCTGGCTCAG-39) and 1492R (59-GGTTACC-TTGTTACGACTT-39) (Suzuki et al., 1996) . Sequencing was performed in duplicate on both strands using an ABI PRISM BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems) in Applied Biosystems 3130 and 3730 Sequencing Systems. The closest recognized relatives of the three novel strains were determined by searching 16S rRNA gene sequences obtained from the GenBank/ EMBL/DDBJ databases using the BLAST algorithm (Altschul et al., 1997) and EzTaxon (Kim et al., 2012) . The sequences were aligned with 16S rRNA gene sequences of the recognized species of the genus Lactobacillus using CLUSTAL X Version 2.0.12 (Larkin et al., 2007) , and distances were calculated using distance options according to the Kimura two-parameter model (Kimura, 1980) . A phylogenetic tree was reconstructed using the neighbour-joining method (Saitou & Nei, 1987) . Additionally, maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) methods were applied to the reconstruction of the phylogenetic tree using MEGA version 5.0 (Tamura et al., 2011) . The statistical reliability of the tree's topology was evaluated by bootstrap analysis (1000 replications). An examination of 16S rRNA gene sequence phylogeny suggested that strains IWT30
T , IWT8 and IWT75 belonged to the genus Lactobacillus (Fig. 1) . A comparison of strain IWT30
T with its nearest neighbours showed that its 16S rRNA gene sequence shared the greatest similarity with those of the type strains of Lactobacillus silagei (99.5 %), followed by those of Lactobacillus odoratitofui (98.8 %), Lactobacillus similis (98.7 %), Lactobacillus collinoides (97.8 %), Lactobacillus paracollinoides (97.8 %) and Lactobacillus kimchicus (96.8 %). The sequences from the three isolates were 100 % similar to each other.
Next, we conducted housekeeping gene analysis ( pheS and rpoA) as previously described (Tohno et al., 2013b) . Phylogenetic analysis based on the pheS gene sequence (Fig.  S1 , available in the online Supplementary Material) showed that the closest phylogenetic relatives of strain IWT30
T were the type strains of Lactobacillus silagei (84.4 % pheS gene sequence similarity), Lactobacillus similis (81.8 %), Lactobacillus collinoides (81.1 %), Lactobacillus paracollinoides (79.9 %), Lactobacillus odoratitofui (79.8 %) and Lactobacillus kimchicus (78.8 %). The pheS gene sequence of strain IWT30
T was 100 % identical to that of strain IWT8 and exhibited high sequence similarity to that of strain IWT75 (98.7 %). Phylogenetic analysis based on the rpoA gene sequence revealed that the three isolates formed a cluster with the type strains of Lactobacillus silagei, Lactobacillus odoratitofui, Lactobacillus similis, Lactobacillus paracollinoides and Lactobacillus collinoides, exhibiting 96.7, 89.9, 87.9, 86.6 and 86.3 % rpoA gene sequence similarity, respectively (Fig. S2) . rpoA gene sequence similarity among the three novel isolates ranged from 98.7 to 99.3 %. The G+C content of genomic DNA was determined as previously described (Kitahara et al., 2010) . The G+C content of genomic DNA of strains IWT30
T , IWT8 and IWT75 was 44.6, 44.7 and 44.0 mol%, respectively, consistent with those of members of the genus Lactobacillus (32-59.2 mol%; Cai et al., 2012) .
DNA-DNA hybridization was performed using photobiotin-labelled probes in microplate wells (Ezaki et al., 1989) . Because the 16S rRNA, pheS and rpoA gene sequence similarity cut-off values for species discrimination were below 97.0, 90 and 95 %, respectively (Naser et al., 2007; Tindall et al., 2010) T exhibited DNA-DNA relatedness levels with its closest phylogenetic neighbours of significantly less than 70 % (Table S1 ), the recommended cut-off point for delineation of a novel species (Wayne et al., 1987) . In contrast, the DNA-DNA reassociation values of the three novel isolates were between 76.2 and 104.9 % (Table S1 ). These results confirm that the three strains are conspecific and represent a novel species of the genus Lactobacillus.
Riboprinter analysis was performed to investigate the clonality of the three isolates as previously described (Kitahara et al., 2010) . The different ribopatterns of the three strains revealed their non-clonality (Fig. S3) . Ribotyping was also effective in differentiating strain IWT30
T from other type strains of the closely related species of the genus Lactobacillus (Fig. S3 ).
Cell and colony morphology were investigated for cultures grown on MRS agar plates at 30 8C under anaerobic conditions for 72 h. Gram staining, motility, gas production from glucose, catalase activity, spore formation, production of dextran from sucrose and the configuration of lactic acid isomers were determined as previously described (Tohno et al., 2013a, c) . The effect of temperature (4, 10, 15, 25, 30, 37, 45 and 50 8C), pH (3.0, 3.5, 4.0, 5.0, 6.0, 7.0, 7.5 and 8.0) and NaCl concentration (4, 6.5, 8 and 10 %, w/v) on growth was also investigated for cultures in MRS broth incubated for 7 days. Preparation of cell walls and determination of the types of peptidoglycan was conducted as described by Komagata & Suzuki (1987) . Additionally, cellular fatty acids derived from cells grown in MRS broth at 30 8C for 3 days were identified as fatty acid methyl esters using the Microbial Identification System (MIDI) according to a previous report (Sakamoto et al., 2002) . The API 50 CH (bioMérieux), API 20 Strep (bioMérieux) and API ZYM (bioMérieux) tests were conducted in duplicate according to the manufacturer's instructions. The API 50 CH strips were incubated for 7 days.
A detailed description of other characteristics of strains IWT30
T , IWT8 and IWT75 is presented in Tables 1 and  S2 and in the species description. Although no distinct phenotypic characteristic that distinguished the three isolates from the other type strains tested was identified, the phenotypic profile of strain IWT30
T was unique compared with the profiles of each type strain. An inability to ferment Dfructose or D-mannitol was a unique characteristic that differentiated the three isolates from Lactobacillus silagei JCM 19001 T , the type strain of the most closely related species of the genus Lactobacillus. The predominant cellular fatty acids of the three strains were C 18:1 v9c and C 19:1 cyclo 9,10, which accounted for approximately 80-90 % of all detectable fatty acids. The level of fatty acid C 18:1 v9c in the three isolates was relatively higher than that of other type strains tested. Additionally, the absence of C 19:1 cyclo 9,10 dimethylacetal is a useful characteristic for distinguishing the three isolates from their closest known relatives.
On the basis of phenotypic, genotypic and chemotaxonomic characteristics, we conclude that strains IWT30
T , IWT8 and IWT75 represent a novel species of the genus Lactobacillus, for which we propose the name Lactobacillus mixtipabuli sp. nov.
Description of Lactobacillus mixtipabuli sp. nov.
Lactobacillus mixtipabuli (9bu.li. L. adj. mixtus mixed; L. neut. n. pabulum fodder; N.L. gen. n. mixtipabuli of mixed fodder).
Cells are Gram-stain positive, non-motile, non-sporeforming, catalase-negative, rod-shaped bacteria measuring 0.8|1.5-6.0 mm. Colonies grown on MRS agar plates at 30uC for 3 days are grey-white, convex, circular and 0.5-1.0 mm in diameter. Cells are facultatively anaerobic and heterofermentative. Gas is produced from glucose. In the API ZYM test, cells are positive for C4 esterase, C8 esterase, leucine aminopeptidase, valine aminopeptidase, acid phosphatase, a-galactosidase, b-galactosidase and a-glucosidase but negative for C14 lipase, trypsin, chymotrypsin, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. Variable reactions are observed for alkaline phosphatase, cystine aminopeptidase and naphthol-AS-BI-phosphohydrolase. No dextran is produced from sucrose. Aesculin hydrolysis does not occur. Ammonia is produced from arginine. Growth occurs at 15-45uC (optimum, 30uC). Growth is observed at pH 4.0-7.5 and in the presence of 4.0% NaCl. Strain IWT75 also grows in the presence of 6.5% NaCl. The major fatty acids are C 18:1 v9c and C 19:1 cyclo 9,10. The cell-wall peptidoglycan is A4a type (Lys-Asp).
The type strain is IWT30 T (5JCM 19805 T 5DSM 28580 T ) isolated from TMR silage. The G+C content of type strain genomic DNA is 44.6mol%. Two additional strains [IWT8 (5JCM 19804) and IWT75 (5JCM 19806) ] are included in this species. 
